— 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 492 126 A2 



EUROPEAN PATENT APPLICATION 



© Application number: 91119613.7 
@ Date of filing: iai1.91 



© Int. CIA A61F 2/16, A61L 27/00 



@ Priority: 27.12.90 us 634919 




Applicant; AMERICAN CYANAMID COMPANY 


@ Date of publication of application: 




1937 West Main Street P.O. Box 60 




Stamford Connecticut 06904-0060(US) 


01.07.92 Bulletin 92/27 








Inventor: Vanderbilt, David Paul 


® Designated Contracting States: 




4467 Moonglow Drive 


AT BE CH DE DK ES FR GB GR IT LI LU NL SE 




St Louis, Missouri 63128(US) 




0 


Representative: Wachtershauser, Gunter, Dr. 






Tal 29 






W-8000 Munchen 2(DE) 



@ Composite intraocular lens and method of manufacture. 

© The new intraocular lens of the present invention is a one-piece composite lens having a soft, foldable 
central optic region and a hard, non-foldable outer peripheral region making up the haptics or legs of the 
intraocular lens. The soft, central optic portion of the lens is typically manufactured from a material capable of 
being folded so that the intraocular lens can be inserted through a small incision on the order of 3 to 4 mm. The 
hard haptic portion of the lens provides support for the lens in the eye after insertion and unfolding of the lens. 
The relatively rigid plastic lends support to the entire lens structure after its insertion into the posterior chamber 
of the eye, and tends to help stabilize the position of the lens after insertion and the closure of the incision. A 
preferred material of the soft optical region being a poly(hydroxyethyl methacrylate) or pHEMA or a copolymer 
thereof such as HEMA and 6-hydroxyhexyl methacrylate (HOHEXMA) or p(HEMA-co-HOHEXMA). The preferred 
material of the hard haptic region being made from a relatively hard plastic, such as (polymethyl methacrylate) 
or PMMA, or a copolymer thereof. 
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are —^^^^^^^^ to co.pos.e ..aoC. .enses w.e. 

The natural eye, in humans and most 71 Jm " ^ '° ^ millimeters (mm), 

focuses images on the retina. Either though Lease or 07.?^'°?'"' ' '^'^^'^^ -hich 
the lens may fail to function properly. For instance the len. h f ' ^"'"'""^ °^ "^"f^^o"-- 

the eye during its formation at birth. Or the te^s mav be rlo.H ' ?k T"' "'^^ '^^^^ ^"■^'"^t^d from 
Clouding of the lens is known as a cataract which'nhibirthe tan " ^'^"'^^ "T'^i^ 

/o lens to the retina. ' transmission of visual information through the 

time in such an operation was substantS a^the pain IT. *° '^"""'^ "r*^^ ^^^'^ 

natural lens and eyeglasses or external-t^prcolct Tnsrvl ,° '"^^"^^^ P'«^« °f the 

15 to the patient. ^f'® were employed to help correct restored vision 

inno::tL^.rgica, 1^31; reZery'r; « ^a'P'u- 

time remained substantial; however, h s Sion^^^^^^ V?''^ ""'"""'"^^ ^^^-^ 

whereas intraocular lens implants requir^J only a 6 or 7 mm ^ ^""f ^'^^ ^^"^^^^l °Peration 

20 More recently the catarart ^Hr^- ^ ^ or 7 mm incision for their insertion. 

(phacoemulsificatiWrasterder^^^^^^^^ ^destruction and suction 

small as 3 mm. However, presently this incision rJu^t then Le Z ^'^^"S'^ ^" «^ 

intraocular lens implant. Experience has shorthaUhl tonoer t^L ' *° ' """^ °' t^^e 

greater the danger of rupture of the incision postoperLver^^^^^ " ^^'^^^ t° 

25 Which forms during the healing process. wrintrr^^rrwSh he rit- I ^^"^^^ ^^^-^ 
-ncision and resultant scar, the greater tL tJL oo^t^ 

uncontrolled healing of the eye Lue. It is therSore ^sSleT^^^ astigmatism will occur due to 

' soft en^^^Xpt:;^^^^^^^^^^^ r rf^j rsis:;T;h'r^ ^ - — - - .ns. 

.s Silicone; however, a lens made from silicone ts so ermely sXhat"' ^"^'^ 
hapt.es are permitted to unfold in the eye. the almost^S vTlTi cof ' f ^ ^'^^^ ^"d its 

surgeon to property position the lens in the eye ^e ^^^^^ f '^"^ '"^ke^ » difficult for the 

sufficient rigidity for the lens after insertion and ^s tS lentmn ''k ' '""^ P^°-de 
may thereafter be affected. In addition, the ieJy-'iiS ^^^Z of tNs . ' ? '"'"^^^^ 
and position the lens via its haptics in the poLrior chamber of t^h^^^^^ T"' " *° 
which most intraocular lenses are placed, as it is beh nd thT inl V l. ^^' '* " P°^*^"°^ '^^^'^ber into 

Furthermore, there is often a comoreLtl frfr.r J ^ ' '"^^ "^^"^^"ens it replaces, 
surgery, and these can. and have in dlfo^Xn If the" fo^ T 

vision in the patent. One of these potentially como esTinn u ^"'^ ''^P*'^^ *° ^^"^^ reduced 

ens entirely. It is common practice f "r Ih^Z TpLfr hT^ 

following the removal of the cloudy lens or cataract fZ wTth n th! T^^f ' '^'"""^ ^^P^^'e 
preferred method for securing the lens impla^a ZtTabi^ if "'^"'^ ^^*=^P*^^ *° ^ 

w-thin the capsule prevents the implant from contactinrn^oTde^^^^^^ ^"'^ P°«'«on 

:;r::uir-:=r^^^^^^^^^^^^^ 

so«.';^.a-: S7o.-r rrs^h^t^^^^^ — n intraocular lens having a 

-ensri^^ZdiL^^^^^^^^^^^^ composition for an intraocular 

It IS another object of this invention to r..^ Z one-piece intraocular lens, 

portion and a hard.U ^^^l^S^^^^^ZS^^!:^ 'T' ' ^^'^^'^'^ °P''^ 

It -s an alternate object of the invention to provide aTne-o e^^^^^^^ 7" ''^ 

optic portion and a hard, stiff haptic portion wher^the st^ h.T '^^^ "^^^'^Q a soft, foldable 

« . „ „ ^ ^^^^^ ^^^^^ ^ ^^^^^^ ^^^^^ 
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two dissimilar polymeric materials wherein one polymeric material is soft enough to fold and the second 
polymeric material *^ providing a stiffness sufficient to properly hold the intraocular lens in place within a 
patient's eye. 

5 BRIEF DESCRIPTION OF THE INVENTION 

The new intraocular lens of the present invention Is a one-piece composite lens having a soft, foldable 
central optic region and a hard, non-foldable outer peripheral region making up the haptics or legs of the 
intraocular lens. The soft, central optic portion of the lens is typically manufactured from a material capable 
70 of being folded so that the intraocular lens can be inserted through a small Incision on the order of 3 to 4 
mm. The hard haptic portion of the lens provides support for the lens in the eye after insertion and 
unfolding of the lens. The relatively rigid plastic lends support to the entire lens structure after its insertion 
into the posterior chamber of the eye. and tends to help stabilize the position of the lens after insertion and 
the closure of the incision. 

15 The invention further describes a method of strongly joining together two dissimilar polymer materials 
so that a one-piece foldable intraocular lens may be lathed from the composite material disc having two or 
more different polymer regions. 

A preferred material of the soft optical region being a poly(hydroxyethyl methacrylate) or pHEMA or a 
copolymer thereof such as HEMA and 6-hydroxyhexyl methacrylate (HOHEXMA) or p(HEMA-co- 

20 HOHEXMA). The preferred material of the hard haptic region being made from a relatively hard plastic, 
such as (polymethyl methacrylate) or PMMA, or a copolymer thereof. 

The method of the present invention comprises lathe-cutting discs from a rod into the intraocular lens of 
the present inventions. The discs can be made by a procedure which begins with polymerizing in a tubular 
or cylindrical mold a liquid mixture of initiator and monomer or comonomers such as HEMA or HEMA and 

25 HOHEXMA or other acrylic monomers for forming an optically clear soft lens body. As is known in the art. it 
may be desirable to add a crosslinking material and ultraviolet absorbing compounds directly to this mixture 
prior to polymerization so as to be incorporated into the resultant polymer. The polymer rods produced by 
these means are then lathe cut. or centerless ground, to the diameter of the desired lens body. 

This core rod is then centered in a larger diameter tubular mold and the polymerizable liquid that, upon 

30 curing, will comprise the hard, outer polymer segment is placed in contact with the rod. 

In cases where the polymerizable outer liquid does not soften, or penetrate the core material (i.e., 
pHEMA core with MMA sheath), no bonding at the interface will take place. In these situations, bonding can 
be effected by pre-swelling the core material with a solvent or swelling agent that is also miscible with the 
polymerizable outer liquid and can itself be polymerized. Alternatively, in some cases, the polymerizable 

35 swelling agent for the core polymer may be added directly to the polymerizable outer liquid. 

A third method to accomplish bonding is to alter the composition of the core rod so that the 
polymerizable outer liquid will then swell and penetrate the core. This can be accomplished by adding a 
comonomer to the core monomer feed that will ultimately become the soft core rod, thus rendering the 
resultant copolymer more susceptible to swelling by the polymerizable outer liquid that will ultimately 

40 become the hard, stiff outer sheath. 

The resultant composite rod is then lathe cut on centerless ground to a diameter slightly larger than the 
length of the whole Intraocular lens. The composite rod Is then sawed or otherwise cut into discs of uniform 
thickness suitable for lathe cutting and machine milling in the conventional manner into an Intraocular lens 
of the present invention having a soft, foldable optic portion and hard, stiff haptics for proper retention in the 

45 eye. 

An alternate embodiment of the invention provides a one-piece composite lens having a soft, foldable 
central optic region and hard, non-foldable outer haptic portion wherein the haptics have a further soft 
region at their outer terminus. The soft material region on the haptics is provided so as to cushion the point 
of contact between the patient*s eye tissue and the haptic of the intraocular lens. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects, and advantages of the present invention will become more apparent 
when considered with respect to the following description, appended claims, and accompanying drawings. 
55 wherein: 

Fig. 1 is a plan view of an exemplary composite intraocular lens including a central, soft, foldable optic 
portion and hard, stiff haptics provided in accordance with the practice of this invention; 
Fig. 2 is a side view of the exemplary composite intraocular lens of Fig. 1; 

3 
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Fig. 4 rs a side view of the embodiment shown in Fig. 3. 
' D ESCRIPTION OF THE PREFERRED EMBODIMEN TS 

inventrntl*:tra1ed%n\"tn';i::t^^^^^^^ '""'^T'' '^"^ "^^^^^^^^ P--nt 

lens in general and 12 refers to thP I.. ZZZl ^^ "^^"^ f^'^' "^""^^^a' 1° denotes the intraocular 
10 hydration. The 6 mm diameter is fairly standa d fn S^e art L^h" "PP'-^'^'T^t^'V ^ diameter prior to 

fully dilated state under naturally occurrSg condi io^s Howell r^'"'" *° P"P''' 

design configuration can be prLS^sd Fu^he^^^a^^^^^^^^^ '^"^^^ '^-'"S desired 

can be used as desired and the Ctics can hav?lnnr . °^ "'o^e haptics 

. shown in the various embodiments SSeTnvent^^^^ configurations of the haptics 

centiroSzi:: 'rran" itrff;:rd?^^^^^^^^^^ h^7ctrr^^°^'*^ '^-^ ^-'-^ ^ - ^---^ 

be folded prior to insertion by small thin forceps oMife ^vS t ^ ^°"^P°"ents 14. The lens of Fig. 1 may 

using the forceps occurs along centeN ineTwL th^slft ^ ' "'^^ ophthalmic surgeons. Folding 

allow the lens to be inserted thorough a ^'^^^"^'"^^^^'^ 

After the lens is in th^ tarnot^n i^^^*:^-. . t rnm. 



Aftor- th^ I t- ^ inuision OT aoout 3 to 4 mm 

portions: rdi^Ta^srgiirirr; z r^irr . r-'^' — — ^p- 

transparent, refractive lens body even after foSno anr^^^^^^^ ""^^'^'^ °' a clear, 

extracted by the surgeon through the incSn and T^nT ^'^^ f°^^«P^ 

intraocular lens in the posterior chambe^nhrpatirn?s eve °' "'"^ *° ^^"""^'^ '^'^ 



Tho w v^-ioiiiucr ur ine patient's eye. ^ 

crosslinking agenis such as ethylene *col dS^T. l^^'^''' <"°"B<MA) with polvfunclional 
(HDDM)^ Othe, suitable •M'«~JTJ^^t>^ZTTl^T^'^V' '■^'^"'"^ dl™.hao,„ate 

MP^lT^Kf ''^''^^'''P^' "^^thacrylate/methyl methacrylate 
HEMA/N-vmylpyrrolidone/methyl methacrylate 
HEMA/methacrylic acid 
40 HEMA/2-ethoxyethyl methacrylate 

HEMA/methacrylic acid/isobutyl methacrylate 
hydroxypropyl methacrylamide/m ethyl methacrylate 
HEMA/n-butyl methacrylate 
HEMA/n-hexyl methacrylate 
45 HEMA/n-octyl methacrylate 

HEMA/hydroxyoctyl methacrylate 
dimethyl acrylamide/diethyl acrylamide 
HEMA/n-hexyl acrylate 
HEMA/hydroxypropyl methacrylate 

— ?er:r:nroT:^^^^^^^^^ rr: '^^r r^'^ - — 

polymers such as acrylic polymers and coDOlvmPrr JnH f '^""^'^ '° non-water-containing, soft 

(T,-s) below physiologic temperatures. "^"'^'"^^^ that have glass transition 

temperatures 

.0,h, has a high T. toO-O), Is oLiSlT^Zi^c^S l:!:"^ I" '"^ """Vdrated 
B<ah,ptes o, no„.wate.-=e„tal„,ng. low T. acrylic ^Z^'^fl'ZZ'Z' """ " " 
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Tg, °C 




poly (ethyl acrylate) 


-24 




poly (propyl acrylate) 


-45 


5 


poly (n-butyl acrylate) 


-55 




poly (isobutyl acrylate) 


-43 




poly (hexyl acrylate) 


-57 




poly (2-ethylhexyl acrylate) 


-50 




poly (2-ethoxyethyl acrylate) 


-50 


10 


poly (dodecyl acrylate) 


-30 




poly (n-octyl methacrylate) 


-20 




poly (n-decyl methacrylate) 


-60 




poly (dodecyl methacrylate 


-65 




poly (tetradecyl methacrylate) 


-72 


IS 


poly (hexadecyl methacrylate) 


-72 




poly (octadecyl methacrylate) 


-100 



20 



25 



It should be pointed out that the monomers used to prepare the above homopolymers can also be used 
to form copolymers with other acrylic monomers to form resultant materials with intermediate values of Tg. 
We define the term copolymer for the purposes of this application to mean the polymer formed from 2 or 
more different polymerizable monomers. 

The approximate value of Tg for a copolymer can be calculated from knowledge of the weight fraction 
(W) of each monomer type and the Tg (°K) of each homopolymer by: 



T 

gi 



^2- 
T 

g2 



gn 



The material of the hard, stiff haptic portions 14 being made from a relatively hard plastic such as poly- 
(methyl methacrylate) or PMMA, or a copolymer thereof. 

The invention further describes a method of strongly joining together two dissimilar polymer materials 
such that a one-piece foldable intraocular lens may be machined from a composite material disc. These 
discs can be made by a procedure which begins with polymerizing in a tubular or cylindrical mold a liquid 
mixture of initiator and monomer, comonomers or copolymer thereof as previously described for forming an 
optically clear, soft, foldable lens optic portion 12. 

It may be necessary to also add crosslinking agents such as ethylene glycol dimethacrylate (EGDMA), 
triethylene glycol dimethacrylate (TEGDMA). or 1 ,6-hexanediol dimethacrylate (HDDM) or other bifunctional 
and polyfunctional monomers as Is well known in the art in amounts in the range of 0-10% to give the 
resultant copolymer dimensional stability. It may also be necessary to add ultraviolet (UV) absorbing 
compounds In with the lens body monomers prior to polymerization for incorporation into the resultant 
polymer as is well known in the art. The UV absorber should preferably be capable of polymerization into 
the lens matrix so as to resist extraction under physiologic conditions. 

The polymer rods produced by these means are then lathe cut to the prehydrated diameter or shape so 
as to obtain the desired lens optic portion 12. The resultant rods are then precisely mounted in the center of 
a cylindrical tubular mold and mixtures of initiator and monomers, previously described as suitable for 
forming the polymer of the hard, stiff haptic material are added and polymerized to form a cylindrical ring 
around the rod of the polymer used to form the lens optic portion 12. However, it is also possible to mount 
the polymer rods of the lens optic portion 12 off center such than an intraocular lens of a different shape or 
configuration may be obtained such as an oval or square optic portion or the like. 

It may also be desirable to provide a physiological dye into the surrounding ring mixture so that the 
haptics 14 will be colored to allow the intraocular lens to be easily seen once placed into the patient's eye 
by the surgeon. Color can be imparted by incorporating into the surrounding ring mixture any physiologi- 
cally compatible dye such as D & C Green #6, which, despite its name, provides a blue color into the haptic 
portion of the intraocular lens. 

It may be necessary to place a solvent or swelling agent in contact with the material of the central optic 
portion (e.g. pHEMA rod) before polymerizing the surrounding cylindrical PMMA ring portion to the rod so 
that a good bond therebetween will be obtained. This can be accomplished by using a swelling agent which 

5 
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time and then removed and rinsed^Sre b2nn n.. J ^""^'""^ ^^^^^ ^ predetermined period of 

or the swelling agent can be mixed i L^aZ'T^lZil'^^ °' ^'"^ 

5 conjunction with the material of the cylLdriTaTring pUn " ""^ "^^^^ «° ^^^^ in 

a »rrre^°;r^^^^^^ an acrylic hydrogel pHEMA or 

HEMA in most of the examp er The 2eria of t^. '''^'""^ "9^"* "^'^^'^'^ '^'t^ PHEMA is 

the HEMA (swelling agent) irmisdir^L MMrm™"' ^'"^ -^'^ '^^t 

•ayers^sTrtrpHHro;^^^^^^^^^^^^ ^-een the two dissimilar polymer 

solvent or swelling agent. The MMA r^onSTr rthe ' °" ""^^'^^ ^'^^ '^^^A 

softened layer because the HEMA anT^A arl ^50?^^ ^^ ""^ 

interpenetrating polymer network forms at t^ interface Infi ."T/°'^'^^"'^^^ °' an 
. a good strong mechanical -d^ :e:r th~S e^ ^^^^^^^^^ 

distarer:Thrc:nrof r^^^^^^ ^ 0-3.0 mm more than the 

otherwise cut into discs of uniform thicLL LSJf ?1 ™^ ™^ »^«" ^awed or 

0 conventional manner into the intraoc^TarTroTLTientL"^ "^^"^'"^ 

ii-ustratr^heter^Tnldr^^^^^^^ wherein an Intraocular lens 40 is 

portions 44. Each leg 44 includes a reaion nil . ? 1 f "°n-fo'dable haptic or leg 
46. It is desirable that regSns 46 ^tLe leo oSrtionr4r2 ^«^'9"ated as 

5 material which will not harm the delicltfeye tissS w hir^ t ..'"'"^^^^^^ °' ^ ^^f*" compressible 

eye. ^^'""^'^ ^"^'ch 't will contact when positioned within a patient's 

the i ^^^^^ - ---- --of used tor 

central optic portion and hard, stiff haptfc ^Sons^nc^rud^^ ^ 'f ^^^^'"9 a soft, foldable 

body or optic portion and cylindrical rCZn arrpoCL^ Ttf ^ °" '^^^'^^ 

and then lathe cut to a radius 0.1-1 0 mmTess fhan 2 h If , ^ described above 

interface between the compressible mTterilr46 and th!^ °' ""^^ *° 

contact. The resultant rods are then prS e y lunted !n th'e cent' " compressible material will 

and mixtures of initiator and monomLTeL^srHl. k ! °^ ^ ^^^"""^ cylindrical tubular mold 

compressible material 46, are added and pl^zed to orm ^ '^^""^ P^'^^^ c^ 

rod and first cylindrical ring used to form tSe iens bodv 1? . ""^ the central 

rod is then lathe cut to a radius 1 0-Jrmm more ?han\he^^^^^^^ °' ^'^^ '^'^^ ^^^"'*ant 

farthest edge of the tegs. This rod is then sawed nr nth °' '^"^ body to the 

for lathe cutting and machine mmi "g in Te ^on,^^^^^^^^^^ '.^ °' ^""abte 

invention, as previously described conventional manner into the intraocular tens of the present 

vari^r:^;::: rrut:;.^g'?^ ?x:r,^ted'^rocr r -^-^^'^ -^^^^ the 

tive of laboratory results demonstTatinn hT:" ^'^^ -'^amptes are representa- 

lenses from two dissimilar materials as described abovJ ^"ccessful formation of composite intraocular 

EXAMPLE I 

weig;r:rhyrr:crrr^^^^^ r thL" ;iEM; r-^-'^'' -~ 

triethylene glycol dimethacrylate (TEGDMA) of simifar .^t! ^'^^ crosslinked with 4% by weight 

inside polypropylene test tubes (approximatelv aTifnh^ k T'^'^"" '"^^"^ °' ^^"c" ^Pacers 

mold was added a solution of Shrr^acryilT^^^^^ "^^ -ch 

weight), 2,2-a2obisisobutyronitrile (mL 00678 a^. T ??/^''' ''^ ^^^^^^ (1.0 parts by 

weight). The molds were stoppe s^ut w.'h Ked "eS o."' h ^ ^ " '^^^^ 

circumference of the plug to provide a goodTal The tllf """^ ^ ^^^^ 

for 47 hours and the bl was subsequently rammed to eoorSr 207''' ' '^^^ '^"'^ 
further cured in a forced-air oven at 100°C for 20 hours ?L c f '^"'""^^ '^^"^ ^ath. and 

After cooling, the cured rods were r^^r^^'l^^^^-^Z^r;^^ 
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thickness). The incorporation of the blue dye. (D & C Green No. 6) in the sheath or surrounding cylindrical 
ring solution, allowed for easy inspection of the core/sheath or central optic portion/haptic portion interface. 
In this and all examples, no blue dye was seen to penetrate into the pHEMA core. Furthermore, the 
colorless core could be readily pushed out of the composite disc indicating that the liquid MMA did not 
5 penetrate or diffuse into the pHEMA core to any significant extent prior to polymerizing. Therefore, a 
composite intraocular lens manufactured according to this example would not exemplify the teachings of the 
present invention because the part of the lens comprising the sheath material (the legs or haptics 14 and 44 
of Figs. 1 and 3. respectively) would easily fall off or break away from the central optic region of the lens. 

10 EXAMPLE II 

The experiment described in Example I was repeated using two core rods of pHEMA and two core rods 
of a copolymer of HEMA and MMA. or p(HEMA-co-MMA). at a 50/50 mol ratio and two core rods of a 
copolymer p(HEMA-co-MMA) at a 75/25 mol ratio of HEMA to MMA. No crosslinker was present in any of 

15 the core rods of this example. These rods were centered in a mold as described in Example I. and to each 
mold was added a solution of MMA (100 parts by weight). EGDMA (1.0 parts), AIBN (0.05 parts), and D & C 
Green No. 6 (0.10 parts). The rods were cured using the standard cure method as in Example I. The 
colorless center core could be pushed out of the composite disc in the case of the pHEMA/MMA and 75/25 
p(HEMA-co-MMA)/MMA composite discs, but not in the case of the discs sliced from the 50/50 p(HEMA-co- 

20 MMA)/MMA composite rods. However, after these lathed discs were hydrated in water, the center core 
portion could be easily pushed out or eliminated from the sheath portion. Therefore, a composite intraocular 
lens manufactured according to this example would not perform in accordance with the teachings of the 
present invention. 

25 EXAMPLE III 

The experiment described in Example I was repeated using both pHEMA and 75/25 p(HEMA-co-MMA) 
central core rods containing no crosslinker. In this example, the sheath casting solutions that were placed in 
the molds surrounding the core rods were solutions of MMA and HEMA at 90/10 and 80/20 mol ratios of 

30 MMA to HEMA (no added crosslinker). The composite rods were cured in the standard cure method of 
Example I. The cured rods were sliced into discs and. from the discs, intraocular lens were made using 
standard lathing and milling techniques having a central soft optic portion and harder, stiffer blue haptic 
portions. The lenses were hydrated in distilled water and the blue haptics were found to be securely joined 
to the clear optic portion of the lens in the case of the 75/25 p(HEMA-co-MMA) core rods, but not in the 

35 case of the pHEMA core rods, 

EXAMPLE iV 

Core rods (0.40 inch diameter) made from the pHEMA of Examples I and II, crosslinked with 1 mol 
40 percent TEGDMA. were immersed in distilled HEMA at room temperature and the average increase in 
diameter of the rods was measured with calipers at various intervals as shown in Table I below. 

TABLE 1 



Immersion Time 


Diameter Increase (inches) 


(in days) 




1 


0.003 


2 


0.005 


22 


0.010 



The 22-day-swelled rods were subsequently made into composite rods with a PMMA sheath including an 
EGDMA (1.0 part) crosslinker. AIBN (0.05 parts) initiator, and D & C Green No. 6 dye (0.10 parts). The 
cured rods were sliced into discs and hydrated as described previously. The blue PMMA haptic portion was 
found to adhere strongly to the colorless pHEMA central optic portion as determined by pull tests. No 
failures occurred at the pHEM/VPMMA interface. 

EXAMPLE V 

7 
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AIBN (0.05 parts), and dI c Green No T(0 oZV ^GDMA (1.0 part), 

cure cor,ditions were similar to Those orExarr^Dle , Th. I"' h ^^^""^'^ ' T»ie 

immersed ir. water to test t^e imegrrof tl' I e^l l^e ^o' pTrn?^'' ''"^ ^'^'^^ ^"^ 

together In all three cases. 'ntertace. The two polymeric zones were strongly bonded 



EXAMPLE VI 



/5 



20 



25 



portion perfectly centered in trcomposS dTsc ware^m^^^ T '"""^ ^ °P«^ 

design similar to Figs. 1 and 2 hydr^L orr*^^^^^ TT'^ '^^"'P^'''^ '^"^^^ °' ^ 
the clear, foldable optic por^on o tKo^ef L S^^^^ ^"P^^*^"'^ 

(discussed below) established that ^^^^ 



EXAMPLE VII 



so roJ:T:ZZl S~erHE:V:or ThTurs ^^t' P^^^^A-co-HOHEXMA) core 

solution of Example V. The rods were crred °n Zh^^^ at room temperature prior to casting in the MMA 
accelerated manner wherein the tuberwersuLnde^^^^^ ^'^"'^^'^ ' 

one-piece intraocular lenses as shown in Fiar 1 and 2 Irf k ""^'^ machined into 

differences could be seen in the streZh of the intJ^^ ' ""^^^^^^^^'V' ^^V^rated. No qualitative 

accelerated conditions in t^l Sses wheret th^^ f"^^" ""''^^ ""^^^ 

.0 However, failure at the interface was nol^ n m . . , "^^^ ^°'"«°" °f Example V. 
95/5 mol ratio MMA/hIma '^""^ solution was the 

EXAMPLE VIII 

" Thes^'™eTotT;« T '''''' *° '''' ° 

MMA. 1.0 parts EGDmTo 05 parf^A BN and 0 10 S D ^Toreen N^" T''' °' ^^^^ 

which was then sealed as discussed abovr Th« 1h ^ °- ^ ""^^ "1°'^ 

Table 2 below depicts the results of Examples I through VIII: 



55 
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EXAMPLE IX 

55 

TENSILE TEST 



Copcyner co.e rods were prepared fro. 5 different .o. ratios of HEMA to HOHEXMA; 70/30. 75/25. 
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80/20, 85/15. and 90/10. each having 3 mol percent of hexanediol dimethacrylate (HDDM) crosslinker. Three 
methods of fomning the composite rods were utilized for this Example (A. B and C). 

Method A utilized cores which were 6.0 mm (0.236 inches) in diameter. The cores were preswelled for 
24 hours in HEMA. The tubes were suspended in a water bath ranging from 40 to 60°C for 3 hours, held at 
60°C for 26.5 hours, removed from the bath, and further cured in a forced-air oven at 110°C for 42 hours. 

Method B utilized core rods of the 5 different mol ratios by allowing the cores to stand at 40°C for 21 
hours, prior to affecting cure by ramping the temperature to 60°C. This is equivalent to the standard cure 
conditions specified in Examples l-lll and VI. 

Method C utilized core rods prepared by the accelerated cure conditions as shown in Example VIII. In 
all three methods, the sheathing material is PMMA formulated as disclosed in the previous examples. 

All samples were milled into rectangular slivers approximately 0.17 to 0.18 mm square, and 12 mm in 
length. Each sliver contained a blue (PMMA) and clear (hydrogel) region of unequal area. Both hydrated 
(distilled water) (Table 3) and nonhydrated (Table 4) specimens were pulled apart using a pull tester and 
both the force at break and the location of the break was noted. 

The tensile strengths were determined by dividing the force at the break by the cross-sectional area. 
The break locations were divided into four regions: the blue PMMA region, the clear hydrogel region, the 
interfacial region (fragments contain both colors), and the interfacial line (all blue and alt clear fragments). 

TABIJE 3 

FULL TEST RESUUTS - OCMPOSTTE MAIERIAL 
Hydratad in distilled water 



25 





1 CORE 1 

IsoiunoN 1 

|p(HEMA-oo-| 
1 HOHEXMA) 1 
|>DL RATIOS 1 




TENSII£ 
STRENGra 
(kg/mm ) 


1 

1 

1 


BREAK 


liDGATION 




30 


CURE i 
MEIHODI 


1 rWMA 
IRBGICN 


1 INTERFACE 
1 LINE REGION 


RBGICXsT 




70/30 


A 


1.4 


50.0% 


20.0% 


20.0% 


10.0% 


35 


75/25 


A 


1.6 


9.0% 


55.0% 


9.0% 


27.0% 




80/20 


A 


1.4 


18.2% 


27.3% 


9.0% 


45.5% 




85/15 


A 


1.7 


10.0% 


50.0% 


10.0% 


30.0% 


40 


90/10 


A 


1.5 


20.0% 


40.0% 


10.0% 


30.0% 




70/30 


B 


1.3 


22.0% 


78.0% 








75/25 


B 


1.4 




45.4% 


27.3% 


27.3% 


45 


80/20 


B 


1.4 


18.2% 


27.3% 


36.3% 


18.2% 


85/15 


B 


1.5 


30.0% 


10.0% 


20.0% 


40,0% 




90/10 


B 


1.5 


22.0% 


78.0% 








70/30 


C 


1,5 


43.0% 




14.0% 


43.0% 


50 


75/25 


c 


1.9 




60.0% 


10.0% 


30,0% 




80/20 


c 


1.3 


12.5% 


50.0% 


12.5% 


25.0% 




85/15 


c 


1.2 


31,0% 


15.0% 


31.0% 


23.0% 


55 


90/10 


c 


1.4 


20.0% 


40.0% 


20.0% 


20.0% 
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Nonhydrated 



TABLE 4 



HJLL TEST RESUnrs - nnMPOSITE matoptat 



75 



20 



I CORE I 
ISOIUTTON I 
|p(HEMA-o>-| 
I HDHEXMA) I 



TENSnz 



CURE I STRENC?IH | IMMA 
MDL RATIOS I MEIK)D| (kg/mm^) |RBGICN 



BREAK DOO^nON 



I 

^' 

INTERFACE IHYCRDGELI 

LINE RBGICK | REGICN| 





70/30 


A 


9.3 


27.3% 


9.0% 


27.3% 




75/25 


A 


9.1 


60.0% 




10.0% 




80/20 


A 


7.9 


50.0% 




10.0% 




85/15 


A 


9.5 


67.0% 






30 


90/10 


A 


8.9 


33.3% 




22.2% 


70/30 


B 


9.3 


50.0% 








75/25 


B 


8.4 


45.4% 




36.3% 




80/20 


B 


7.3 


80.0% 




10.0% 


35 


85/15 


B 


8.9 


67.0% 








90/10 


B 


8.8 


62.5% 


12.5% 


12.5% 




70/30 


C 


9.2 


57.0% 






40 


75/25 


C 


9.6 


67.0% 




11.0% 




80/20 


C 


7.3 


37.5% 




37.5% 




85/15 


C 


7.1 


67.0% 




31.0% 




90/10 


C 


9.0 


56,0% 




8.0% 



45 



36.4% 

30.0% 

40.0% 

33.0% 

44.5% 

50.0% 

18.2% 

10.0% 

33.0% 

12.5% 

43.0% 

22.0% 

25.0% 

23.0% 

25.0% 
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for Pu™Tr^^^^^^ --9t^ — are consistent with those expected 

line, indicating that the adhel^n 'o^tto nSe^iaT .^^^crnT'^ °' '"^'^ 

Obvious decrLe in tensrstrengt??^^^^^^^ w.th increasing water content. However, no 

be seen in Table 3. a gre^Tf^ZenZl o^^^^^^^^ "^^l ratios. As can 

specimens. This might be the resuTorSl^l ? L I ^' '"terfacial line as compared to the dry 
aqueous expansion' coeffic enrH^^^^^^^^^ ^"'^'"'^^ °' ^^^'""^ °^ -^«V ^i^-ent 

Significantly lower in specimens tharbreaUhernSfce^n^^^ ^' ''''' '-"-^ *° 

.t Should also be ruled that no major differences in tensile strength or in the location of break were 
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noted between Method A, B or C of connposite curing methods. Therefore, all 3 methods represent viable 
ways to prepare the composite intraocular lenses. 

The embodiments above are intended to be illustrative of the invention, and it is expected that those of 
ordinary skill in the art may. in view of the teachings contained hereinabove, be able to modify the 
5 embodiments illustrated herein. It is intended to lower all such modifications which fell within the spirit and 
scope of the Invention as defined by the claims appended hereto. 

Claims 

10 1. A one-piece intraocular lens capable of being inserted into an eye through an incision which Is smaller 
than the diameter of the lens comprising: 

a central, soft foldable optic portion of a high refractive index material capable of being folded by 
an ophthalmic surgeon during the process of inserting the lens during eye surgery; and 

a hard, stiff haptic portion of a relatively hard plastic material formed about said central optic 
75 portion for supporting said lens within the eye whereby said hard plastic material is polymerized to the 

soft material to form a one-piece intraocular lens. 

2. The intraocular lens, according to claim 1 , wherein the material of the soft, foldable optic portion is a 
hydrogel polymer of hydroxyethyl methacrylate or a copolymer thereof and the material of the haptic 

20 portion is a polymer of methyl methacrylate or a copolymer thereof and wherein the polymer of the 

hydroxyethyl methacrylate is preswelled with hydroxyethyl methacrylate prior to polymerization with the 
methyl methacrylate. 

3. The intraocular lens, according to claim 1, wherein the material of the soft, foldable optic portion is a 
25 copolymer of hydroxyethyl methacrylate and 6-hydroxyhexyl methacrylate and the material of the 

haptic portion is a polymer of methyl methacrylate. or a copolymer thereof. 

4. The intraocular lens, according to claim 1 , wherein the material of the soft, foldable optic portion is a 
hydrogel copolymer selected from the group consisting of: 

30 HEMA/N-vinylpyrrolidone 

2,3-dihydroxypropyl methacry I ate/methyl methacrylate 

HEMA/N-vinylpyrrolidone/methyl methacrylate 

HEMA/methacrylic acid 

HEMA/2-ethoxyethyl methacrylate 
35 HEMA/methacrylic acidAisobutyl methacrylate 

hydroxypropyl methacrylamide/methyl methacrylate 

HEMA/n-butyl methacrylate 

HEMA/n-hexyl methacrylate 

HEMA/n-octyl methacrylate 
40 HEMA/hydroxyoctyl methacrylate 

dimethyl acrylamide/diethyl acrylamide 

HEMA/n-hexyl acrylate 

HEMA/hydroxypropyl methacrylate 

and the material of the haptic portion is a polymer of methyl methacrylate, or a copolymer thereof. 

45 

5. The intraocular lens, according to claim 1 , wherein the material of the soft, foldable optic portion is a 
copolymer of hydroxyethyl methacrylate and methyl methacrylate and the material of the haptic portion 
is a copolymer of methyl methacrylate and hydroxyethyl methacrylate. 

50 6. The intraocular lens according to claim 1. wherein the material of the soft, foldable optic portion is a 
non- or low-water-containing, low Tg, acrylic homo- or copolymer or silicone-based polymer. 

7. A method for making an intraocular lens having a soft, foldable optic portion and a hard, stiff haptic 
portion, comprising the steps of: 
55 (a) forming a rod out of a high refractive material having the diameter of the soft, foldable optic 

portion; 

(b) positioning said rod in a tubular mold and forming around said rod a cylindrical layer of a 
polymerizable liquid solution of a material capable of forming the hard, stiff haptic portion; 

13 
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(c) polymerizing said polymerizable solution to form a one-piece rod and cylindrical layer having a 
soft, foldable central optic portion and a hard, stiff outer haptic portion; and 

(d) machining sard rod with said cylindrical layer to form a foldable intraocular lens having a soft, 
central optic portion and hard, stiff haptic portion. 

5 

8. The method, according to claim 15. wherein step (d) comprises cutting a disc from said rod with said 
• cylindrical layer, and removing material from said cylindrical layer to form the haptic portions and 

removing material from said rod to form the soft, foldable optic portion of said intraocular lens; and 
wherein the soft, foldable optic portion is clear and wherein the polymerizable liquid solution of step (b) 
10 further includes a dye to provide a hard, stiff haptic portion which is colored. 

9. The method, according to claim 7. wherein the material of the soft, foldable optic portion is a copolymer 
of hydroxyethyl methacrylate and methyl methacrylate having a mole ratio of the material of the soft, 
foldable optic portion is at least 50% hydroxyethyl methacrylate to no more than 50% methyl 

75 methacrylate; and the material of the haptic portion is a copolymer of methyl methacrylate and 

hydroxyethyl methacrylate having a mole ratio of the material of the hard, stiff haptic portion is at least 
50% methyl methacrylate to no more than 50% hydroxyethyl methacrylate; and wherein: 

step (a) includes further placing an initiator of between about 0.01 to 0.20% weight AIBN in the 
polymerizable liquid solution of the soft, foldable lens portion; and 

5*®P <b) includes further placing an initiator of between about 0.01 to 0.20% weight 2,2-a2obisiso- 
butyronitrite (AIBN) in the polymerizable liquid solution of the hard, stiff haptic portion. 

10. The method, according to claim 7, wherein the material of the soft, foldable optic portion is a polymer 
of hydroxyethyl methacrylate and the material of the haptic portion is a polymer of methyl methacrylate 

25 and, that step (b) further comprises preswelling the rod formed in step (a) by surrounding such rod with 

a liquid solution of hydroxyethyl methacrylate prior to surrounding the rod with the polymerizable liquid 
solution capable of forming the hard, stiff haptic portion; and wherein step (a) further includes the use of 
a polyfunctional crosslinking agent and initiator in forming the rod of the soft, foldable optic portion, and 
step (b) further includes the use of a polyfunctional crosslinking agent and initiator in the polymerizable 

30 liquid solution of the material forming the hard, stiff haptic portion. 

11. The method, according to claim 10. wherein the crosslinking agent and initiator of step (a) is between 
1 .0 to 4.0 mol percent ethylene glycol di methacrylate (EGDMA) and between 0.01 to 0.20 parts AIBN, 
and the crosslinking agent and initiator of step (b) are between 0.5 to 2.0% by weight ethylene glycol 

35 dimethacrylate (EGDMA) and between 0.01 to 0.20 by weight AIBN, respectively. 

12. The method, according to Claim 7, wherein the material of the soft, foldable optic portion is a 
copolymer of hydroxyethyl methacrylate and 6-hydroxyhexyl methacrylate and the material of the 
haptic portion is a polymer of methyl methacrylate, or a copolymer thereof; and wherein the mol ratio of 
the material of the soft, foldable optic portion is at least 20% hydroxyethyl methacrylate to no more 
than 80% 6-hydroxyhexyl methacrylate; and wherein step (a) further includes the use of a polyfunc- 
tional crosslinking agent and initiator in forming the rod of the soft, foldable optic portion and step (b) 
further includes the use of a polyfunctional crosslinking agent and initiator in the polymerizable liquid 
solution of the material forming the hard, stiff haptic portion. 

13. The method, according to claim 27, wherein the crosslinking agent of step (a) is between 0.5 to 4.0 mol 
percent 1 ,6-hexanediol dimethacrylate. and the crosslinking agent and initiator of step (b) are between 
0.5 to 2.0% by weight EGDMA and between 0.01 to 0.20% by weight AIBN. respectively. 



40 



45 
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